INTRODUCTION
Engines in most commercial aircraft today meet the current 1996 International Civil Aviation Organization, (ICAO) landing-takeoff NOx characteristic level, LTO NOx, limits with some margin. Concerns, however, are increasing about the effect of cruise NOx emissions on the ozone layer and global warming. Landing fees based on NOx emissions are being assessed by Sweden and Switzerland and could become more common and possibly even limit the access to some countries or airports.
Although an increase in overall engine efficiency from a higher engine pressure ratio decreases the amount of the greenhouse gases CO 2 and H20, it also increases the amount of NOx. To ensure that the next generation of aircraft are as clean as possible, one of the NASA goals is to reduce NOx emissions of future aircraft by a factor of three within 10 years and a factor of five within 20 years.
The purpose of this paper is to describe a method to reduce NOx emissions that could be applicable to a wide range of engines and pressure ratios. NOx formation on the lean-side of stoichiometry is essentially an exponential function of flame temperature.
The key to NOx reduction is to therefore, burn the fuel at the lowest possible flame temperature. This is not only equivalent to burning as lean as possible but also with as uniform a mixture as possible to avoid locally stoichiometric zones that produce high amounts of NOx.
Lean, premixed, prevaporized (LPP) combustion satisfies these criteria and is commonly used in ground-power applications with great success in reducing NOx emissions.
flametemperatures are low and NOx-formation levels In the LDI concept described in this report, fuel is injected into a swirling airflow from a fuel injector located on the combustor wall or mixer wall. This concept is called lean-direct-wall-injection, LDWI. Important aspects of this technique are: ( 1) a liquid jet should be utilized (not a thin-film, hollow-cone spray typical of a conventional pressure-swirl atomizer), and (2) the jet should be injected radially inward from the mixer wall toward the approaching swirling airflow at an inclined angle with respect to the radial direction, Choi.6 The advantage of the LDWI concept is its use of a swirling airflow both for atomizing the injected liquid jet(s) and for mixing the atomized spray(s)
in a short period of time. In the case of coaxially injected sprays, the strong centripetal forces of swirling airflow tend to sustain the liquid droplets (or fuel vapor) inside the core recirculating zones, resulting in a relatively slow mixing process. In the LDWI mode, however, the swirling airflow abruptly breaks the liquid jet into small droplets and the droplets are mixed quickly, within 25 mm downstream of the injection point. 
RESULTS ANDDISCUSSION
TheNOxemissions areplotted versus theadiabatic flametemperature for eachconfiguration in Fig.4 A number of'effects can be observed from Fig. 4 .
First, the plot of the log of NOx Emission Index (EINOx) as a function of flame temperature is nearly linear for configurations D to G but curves upwards for configurations A to C. Also the EINOx has a greater dependence on flame temperature for configurations A to C. Finally, EINOx increases with increasing inlet temperature and pressure and decreases with increasing pressure drop (which is accomplished through increased airflow). These effects will be discussed in more detail in the paragraph on the data correlations.
Configurations D to F were tested with 2 fuel injectors flowing instead of all 4 (81 OK, 2070 kPa, 4 percent AP).
As can be seen in Fig. 4 the NOx was significantly higher (approximately a factor of two at a flame temperature of 180OK).
In configurations
A to C a center pressure-swirl 
It is interesting to note that with configurations A to C, when the terms in the AST correlation for the effect of inlet temperature, pressure and pressure drop are used, the exponent for the fuel-air ratio term varies inversely with the flow number or fuel-injector orifice size. A greater dependence on flame temperature or fuel-air ratio suggests that configurations A to C are closer to a premixed flame than the AST configurations, and configurations D to G. Tables 2 and 3 using an advanced engine cycle, for the best configuration, the NOx emissions using the correlation is estimated to be <75 percent of the 1996 ICAO standard.
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